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Abstract of JP2002203798 
PROBLEM TO BE SOLVED: To obtain a p- 
type nitride semiconductor with improved 
quality without any annealing after growth. 
SOLUTION: The p-type nitride semiconductor 
has a p-type nitride semiconductor layer 
formed at a higher growth temperature than 
600 deg.C on a substrate. The concentration 
of a positive hole carrier immediately after 
cooling the p-type nitride semiconductor is set 
to 35-100% of the concentration of an 
assumed positive hole carrier at a cooling time 
of 0 minute, in the relationship between 
cooling time required for cooling from the 
substrate temperature for forming the p-type 
nitride semiconductor layer to 600 deg.C and 
the concentration of a positive hole carrier 
obtained after cooling: 
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t , g£a*^4 0 m o 1 I Ifl&Sh LT 

cr>TMGb*mm2i±.izmx-*&ztt,z£*). mw.2 

l<7)±ffi±tC, /J£**2 5nmt'GaNKW^77 
tM2 2SrJ&KS-ti-i>. ^Itli. UTtf^tc** 

n«»**^xtf>8s«tt. TMGX{;icp 2 Mg£5vfb;$ 

[ 0 0 5 7 ] mz. Rjet^OTMG^ft&ST^o*^ 
±#>T. SSuBJK&ttl 0 5 0*ac£T'#i&L*:fJL $ 



^'XSrdf -v 'J TiJXb S[4*^4 L/^7yt 
-TtiXb. ffil* 5 l-)80wmo 1/^TMGt. gg 
»*<*<J1 0 c c/KnlF-^ybtliliy'Jn^ 
t-tf 1 0 p (S i H 4 ) fiXbiWM. 

2 1 Jtfctt 6 0 KTSmX-th ZblzX*). '<vyrm2 
2±lZ. m^t^MmX'S i * s K-7§fl^GaNA>f) 

nl3 ><?? hit 2 3 fclfcSS-fr*. 
[0058] TMG&U'S i HilfXCD&l&ZW 

±LtA. mmmt:m5ox:iz&x't®§LZit&. £ 
oj&Kag-e, * u rtf* LTgLi*% 1 4 l/# 

commit Ab. ; S$m.tf$)SL/ J rtcOTV*:-TtfXb . 
sPlS*^4 // m o 1 / -frcOTMG b . 5 m o 

MI ) tSr»^2 l±l,zmX-t&Zbl<z£>0 . nlay 
h«2 3±fcTs JP£A*3 nm« I nGaNH^ 

*-*^#Ft85t^3t«2 4trfiK«$-t*-S. icO^ 
M124(7)I nifflfig(i^0 . Ibtcho 

[0059] mz. tm i com&zwitLtz'ik. d . 

7#X^It*'X, SaBReOTJ^-TtfX&tflllijj 
ilg<0TMGS:^O^i<0gEfiT-SK2 1 tiAL> 

0 5 O^Ct 4 TIMft-T 6 4 TOTlBt:. 
2 4±tJ?£#*l 0nm«GaNK^Ii^l^77 
HJB2 5 *««S*4. 

[0060] mz, mffigJ&Wft) 1 0 5 O'CttZMLtl 

a. SKft^n 1 3 L/^H«^^&v8ai3WH;3 l/ 

TV^-Tfi^b. gS4*^4 0/xmo 1 /t>OTMG 
fc . SUfoWW 6//mol /^COS'JCOI 1 1 WMX'h hY'J 
**f-)VT)V ^—^ J* (TMA) b. I Mm 

o 1 /ftcOC p 2 Mgt ^««2 1 ±\zm\-?Z ZbiZ 

MgtfF—TZtltzpSlA 1 GaNfrL>ZcZ>m2co-7y 
•v KJI2 6 

[006 1 ] act. TMA<!)fl8ft*ffjtLfc^ 

mm i O5o°ccoitx\ sufowt&i 3 L/^cog^ 
fixmfm.sifi%}3 L/-ftco7i<;mtfxz*v v mxb 

0>umo 1 /^COTMGi:. gfcftfl^O. 2//mol/ 
*<0Cp l Mgi:«ra«2 1 ±t2SAi"?> Z. b l>zX 0 . 
IS2c7)^7 y HJB2 6±t. ff$*<0. 3 umX'Mgff 
K-r^iltpSGaN^^SpIay^^ hS2 7 

[006 2] mz^ piny?? h«2 7 2r®ES;L/i 
f*. #Hm^'Xi: LT . SKi^W 1 3 L/^<7)S#*' 
X. 8Sai3&*W3 L/*tf07j<^'xai^»m*^4 L/* 

coT>=t-Ttixb*&.i&g\,zm.xL%ti i b. mmm. 

&f$LMiE>mirt>miMLlz£X'ti}8lL, Ztihm&oWkM 
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10 5 0°C*^ 6 0 0°CI,ZtX'l$&i~&<§&&fffl£ 5ft 
t LT^4. 

[0063] vxtco x 0 izLT&t>tiKmim*mft 
? hm 2 7 it. mncomm 1 1 mm^^-^Rx/^m 
m 2 eRr/pm^ v9-7vm2i\,z Y-yztitz-??* 

A SrvSttftS -£4 fc)6(0^ b T-- 'J v ^Srfi 1 ^: 

[0064j(Xt, tWiJfCVDffiSrfflv^T, pl^y 
7 * b U V ^7 7 4 . tm Ltcz/ U 3 ygtf L 

yKft;W36 , 4> 5 5r & x ■/ f- y/ffl«)^ ? > - >" 5r ffM 

■wwi£*ri,T\ nS3y^^bii2 3A i iiai-r?»4r' 

[0 0 6 5] <JCtC flU&TSS^SSrfflVvc, RUJLfcn 
Iny^? hJ12 3±CnMti2 9*3HS?Wfc:#J£ 
U fflmzLXpgl^y?? h»2 7±tcp(fflm2 8 

[00 6 6] iJCC *«2 l(7)xe^Jfy-viHt0t 
ffil<7)® (XS) &SSE2 10*5**1 0 0/xmgJK^ 
1. 4 Tflf 39 L, * 7 5 A 71Z X -> X f - <y 

lx. nM^-fh^^i-^zmmL. u^x. f 7/ 

±«0 P (MUSE 28i:n filllfig 2 9 t £ -^-ft-eilXx AO 

[00 6 7] i<0±dicLT»4»*Ufe«»^'-f3!--H* 
^ £*f LT , 2 0 m AOHtfrflHtiiSfc: i 9SaW4 t . 
b-?ifcH#4 7 0 n m<7)lHMfc&nWj §*l4 £ i: *W 

«B*[fi]|ft^mEii4. 0VC*4. 

[0068] ( mmmm 2 com 1 ssbw > *mm<r>m 

3*lfc*K2 1 £j&RffigOift 1 0 5 0*C*»4> 6 0 O'C 

fci-c^aii-iJfraiwHasr 2 5-ftt lx . 03 

KaR^tH LT, 2 0m AOJf # 
WKSLXiSatth t , tr-?«*>&*4 7 0 n mOWfe^ 
AWj£ft4.IJ:2:5itSL-t^4. dO^O^BtaiTJ 
13.0. 5mWT\ WjPMftWBt5 . OVtibS. 
[0069] ( Jt«W ) afiMfctfMBJIWC 4 ffianSfc: 

affico^ 1 0 5 o-ca^ 6 0 o'ctcs-c^ai-ri.^fflB# 

H]£4 0#fcL-t, 03t=5i^««^)»3te^*-H* 



HSmcS* LX. 2 0m AOlCfrfamsSET'lgil) L^hd 

V\4. 

[0070] 04 l4*f6WWldt«5jeJB2 , -£0§S 1 3E 

mfrbmzxftco*mmmftmzmb-?7y-7X'h o . 

S I M S co-ftmz £ 4 f£ST£> h . mFfBOSjiDiOM^ 
flUOeUH-* <0W-^SrftLTV^4. 43t. BKSiaJg^l 

0 5 o'c.#jfi*^ 6 0 o*c^^-c^ai-r4^aiB#pa{i, 
mw. 1 a 3&*aiEsafi}BjB^ 5 #o*§-£ sr , flia 1 b &z<d 

-^MWX'foh 2 5ft<?>%&* . fill 1 C*<Jt^K'$> 
44 0 #coi§-££* LTV^4. 
[0 07 1 ] H4<7)fini A*^^4i3tC 
H** 5 #co%£li . *ffiftifiO*«iftKt4W 3.0X1 
O^cr'TftO. (nSrjy^^h 

Ji2 6t=*jir^Ttt*«aK«tjar-3e<oft 1 .0x10 

'9cm-3&^L-CV^4. &fc. fSlWJy HJ12 5. 
%tfM2 4RZSnMay??bm2ii. &&TV&C02. 
OX 1 O^cm-WtM. 

[00721 S1 ^W=:fi&4fti6S 1 B IC^-T^fflB*^ 
^2 5*tf5«^U» *ffif+ifi<?3**aK<itt 1-0X1 
O 20 c m-aT'fcO . $mfrk&&Viftl'Zfafro iZ^tlX 
ffi&L. m2C077-v FJI2 6£*SVvt*SliRKJil!» 
— 1 x 1 0 1 9 c nr 3 <! i: * { *^4 . 

[0073] ifclR«Kffi4ia»l CK^-^aJ«HB]3& t 4 
0*<0«^ti» *ffifta<0*««JKJ4«l>3 . 0X102" 
c m-*X fo 0 . XS^^aHK^ritKcM^d tcoit-C^- 
U, g2co^7 7 HS2 6twfcv>T*^iRJK{i{$Qr— ^ 
O^l X 1 0 19 cm- 3 $^^t'CV^4. 

[0074] H4tCSrT i 0 ttaWMffla^ 5 
^JjlT^-^li s pM3^^^hil27 co±M OyKS'ift 
JK(±|g20^ 77^12 6^7K*?H^« 1 OfgfcJWT'fe 
4^t*^* J 4. 

[0075] J2(±BKS Ltz «t d , #j!fifecD^ffil&l>*-?- 
cr>mi%MWl<z£&b. pI0^2^77K12 6S 
t/plny?^ HJ12 7<7>^B#^ti(t4 d f xVTtfX 

iz, ffi5mm.%-fc>7 ^Kiifti 5§a 

4. 

[0076] $ <otC, ^fflXStC^V^T - 6 0 0*CtLh 
cOfiSftaS* 1 ^ 6 0 0*C1lJg£4T-#ffl-f 4#aiB#P5£ 
»3 04M3lrt. »4L<(i57i-SJgi:L, #BSUfx3r 

*<j 5 o §a%iiiT07K^7yxs.t/^ o . 5 s»%m±o 

Ty*-T#Xk*^*iJrr4^tK<i: , 3, pS4^* 
®ct) jEfL^r -v >J TWy%CO®4>-m£ 0 %~ 9 5 %SKlcffP 
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[0077] 

Six* P IiS'(M%j¥&tt£»& - i: h „ 
[0®^^!^] 

[0 1 1 *ftw<omm<7)mB i pmrnim^-mik 

[02 ] *5&HflW»fi^ffi 1 (CftS pMS-fLW^ffc 



[04 3 ^b^uss^© 2 . -f-iom i sevM&tfH: 
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12 A 7 77i 

13 pffiBftft^SMWB 
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2 5 miCDfy-vVm 

2 6 SS2c7)?7'y FJ1 
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2 8 pMttffi 

2 9 nffllimffi 
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(12m*m 3UI F*-A(##) 5F041 AA40 CA04 CA12 CA34 CA40 
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DA66 EJ02 



